We have experimentally verified that the emission of visible light from dye doped polymers can be enhanced with the use of surface plasmon coupling. We have observed an eleven-fold enhancement of light emission. The large optical fields provided by surface plasmons have in the past been used to significantly increase the fluorescence and luminescence intensity of dye molecules for applications in biological and biochemical sensing. Molecules can be detected on the surface of metal films or in close proximity to colloidal metal particles by measuring increases in the resonant surface plasmon coupled emission [1] . Recently, it has also been shown that plasmon resonances provided by thin metal layers and metal gratings can be designed to increase the efficiency of solid state semiconductor light sources. In such structures, the surface plasmon resonance frequency is tuned to the semiconductor quantum well emission, and the light emission intensity can be increased by over an order of magnitude as nonradiative recombination paths are bypassed through coupling of recombination energy into surface plasmon modes. It is therefore not surprising that similar energy transfer into surface plasmons can also be exploited in the design of more efficient organic light emitters.
Enhancement ratios illustrated in Fig. 2 further support the notion of SP coupling between the silver and polymer interface. Up to 50 times enhancements are observed along the broad emission spectrum of the dye doped polymer whereas at the peak emission wavelength the photoluminescence enhancement ratio is 11 times. We observed an increase of photoluminescence enhancement ratio with shorter wavelengths for the silver film. However, the PL enhancement ratio is not strongly dependent on the change in wavelength for the gold film.
The dramatic PL enhancement of samples with Ag can be attributed to the strong interaction between the excited dye molecules and SPs. Electron-excited energy of molecules can couple to the electron vibration energy of SP. Then, the molecular relaxation processes may produce a SP instead of a photon, and this new path of the relaxation increases the spontaneous recombination rate. If the metal surface was perfectly flat, it would be difficult to extract light emission from the SP, since it is a non-propagating evanescent wave. However, roughness and imperfections in evaporated metal can scatter SPs as light. The coupling rate between the excited molecules and SPs is expected to be much faster than the nonradiative relaxation processes as a result of the large electromagnetic fields introduced by the large density of states.
We have observed that the emission of dye doped polymers can be enhanced by using surface plasmon coupling to thin metal layers. This study serves as a foundation for the geometric tuning of the surface plasmon resonance and enhancement of the emission of dye polymers using surface plasmons with patterned metal samples. If tuned properly, such lithographically structured layers should provide even higher enhancement values for the dye emission intensity. As the metallic surface can be used as an electrical contact, as a metallic grating for enhanced light extraction, and as a mirror for the definition of ultra-small optical cavities to further increase the spontaneous emission rates, we expect that many organic light-emitting diodes could benefit from careful design and choice of metallization. Ultimately, lithographic tuning of the peak emission wavelength and optimization of the polymer layer stack can also result in efficient white light source OLEDs.
